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XQGHUVWDQGLQJ DQG WKH GHYHORSPHQW RI QHZ SURFHVV VWUDWHJLHV +RZHYHU ODVHU VRXUFHV DUH DOVR WKH VXEMHFW RI
FRQWLQXRXV LPSURYHPHQW DQG HQKDQFHPHQWV HQDEOLQJ IRU H[DPSOH KLJKHU DYHUDJH ODVHU SRZHUV RU KLJK SXOVH
HQHUJLHV
)LUVW PDQ\ &)53 FXWWLQJ LQYHVWLJDWLRQV ZHUH SHUIRUPHG ZLWK FXWWLQJ KHDGV DQG D FRQWRXU FXWWLQJ VWUDWHJ\
0DWKHZ HW DO  VWDWHG WKDW IRU FRQWRXU FXWWLQJZLWK DPVSXOVHG ODVHU WKDW WKH KHDW DIIHFWHG ]RQH +$= LV
SURSRUWLRQDOWRWKHSXOVHHQHUJ\DQGWKDWKLJKHUUHSHWLWLRQUDWHVOHDGWRKLJKHU+$=
2WKHU LQYHVWLJDWLRQVXVLQJODVHUV\VWHPVHPLWWLQJSXOVHVZLWKGXUDWLRQVLQ WKHUDQJHRIPLFURVHFRQGVFDPHWRD
VLPLODUDVVXPSWLRQ,Q WHUPVRIVPDOO+$=DQGKLJKHIIHFWLYHVSHHGVLWFDQEHVXPPDUL]HGWKDWKLJKVSHHGVKLJK
SXOVH HQHUJLHV DQG VKRUW SXOVH GXUDWLRQV SURGXFH WKH EHVW UHVXOWV 3DJDQR HW DO  5HDOL]LQJ D PXOWLSDVV
VWUDWHJ\ZLWKDFXWWLQJKHDGDQGDQD[LVV\VWHPLQYHVWLJDWLRQVRI1HJDUHVWDQLHWDOFDPHWRWKHFRQFOXVLRQ
WKDW ORZSXOVHHQHUJLHV LQFRPELQDWLRQZLWKDYHUDJH UHSHWLWLRQ UDWHVDQGKLJKHUVFDQQLQJVSHHGV OHDG WRFXWVZLWK
RSWLPL]HGTXDOLW\
7KHODWHVWUHVHDUFKLVIRFXVHGRQWKHXVDJHRIJDOYDQRPHWHUVFDQQHUVIRU&)53FXWWLQJ7KLVHQDEOHVPXOWLSDVV
FXWWLQJZLWKPXOWLSOHUHSHWLWLRQVDWKLJKVFDQQLQJVSHHGVWRDFKLHYHFRPSOHWHFXWV:LWKDIXUWKHUUHGXFWLRQRI WKH
SXOVHGXUDWLRQWRQDQRVHFRQGSXOVHVWKH+$=ZLGWKFRXOGEHPRUHUHGXFHG%DVLFILQGLQJVRIIXUWKHULQYHVWLJDWLRQV
VWLOODSSO\ZLWKQHZVSHFLILFVGXHWRWKHFKDQJLQJSURFHVVVWUDWHJLHVDQGDYDLODEOHODVHUVRXUFHV)UHLWDJHWDO
GHWHUPLQHGWKH+$=RQWKHVXUIDFHRIWKHPDWHULDODIWHUJHQHUDWLQJJURRYHVZLWKGLIIHUHQWSXOVHHQHUJLHVDWFRQVWDQW
UHSHWLWLRQUDWHDQGYHORFLW\UHYHDOLQJWKDWWKH+$=ZLGWKLQFUHDVHVZLWKLQFUHDVLQJSXOVHHQHUJ\DQGWKHUHPRYHG
YROXPH SHU SXOVH UHGXFHV VLPXOWDQHRXVO\/HRQH HW DO  IRFXVHG RQ WKH LQIOXHQFH RI VFDQQLQJ YHORFLW\ DQG
SXOVHSRZHUZKHUHWKHSXOVHSRZHULVGLUHFWO\OLQNHGWRWKHUHSHWLWLRQUDWH6XPPDUL]HGKHFDPHWRWKHFRQFOXVLRQ
WKDW LQFUHDVLQJ VFDQQLQJ VSHHGV DQG SXOVH SRZHU UHGXFH WKH +$= ZLGWK 'XH WR WKH UHGXFHG UHSHWLWLRQ UDWH DW
LQFUHDVHGSXOVHSRZHUWKLVFDQEHWUDFHGEDFNWRWKHUHGXFHGSXOVHRYHUODS
/DVHUVRXUFHVHPLWWLQJSXOVHVLQWKHUDQJHRISLFRVHFRQGVDQGIHPWRVHFRQGVZHUHXVHGIRUFXWWLQJLQYHVWLJDWLRQV
GXHWRWKHH[SHFWHGKLJKTXDOLW\RIWKHFXWWLQJHGJH)LQJHUHWDOFDPHWRWKHFRQFOXVLRQWKDWLQFUHDVLQJWKH
IOXHQFHDWFRQVWDQW UHSHWLWLRQUDWHV LQFUHDVHV WKHUHVXOWLQJ+$=ZLGWKVLJQLILFDQWO\ZKLOH LQFUHDVLQJ WKHUHSHWLWLRQ
UDWHDWFRQVWDQWIOXHQFHDIIHFWVWKHRFFXUULQJ+$=ZLGWKWRDOHVVHUGHJUHH
)RU WKHSURFHVVLQJRIFRPSOH[VKDSHG WKUHHGLPHQVLRQDOSDUWV LW LVQHFHVVDU\ WRFRPELQH WKH ODVHUVRXUFHZLWK
IOH[LEOH KDQGOLQJ V\VWHPV VXFK DV D[LV V\VWHPV RU URERWV ,W LV SRVVLEOH WR XVH PLUURU JXLGHG ODVHU V\VWHPV LQ
FRPELQDWLRQZLWKDQD[LVV\VWHPLQRUGHUWRHQODUJHWKHZRUNLQJILHOGDQGWRHQDEOH'SURFHVVLQJ)XOOJHRPHWULFDO
IOH[LELOLW\FDQEHDFKLHYHGE\WKHFRPELQDWLRQRIURERWDQGODVHUVFDQQHU7KHVLPSOHVWZD\WRUHDOL]HWKLVVHWXSLV
WKHXVDJHRIDILEUHJXLGHGODVHUVRXUFHDVIRUPLUURUJXLGHGODVHUVRXUFHVRQO\DIHZVSHFLDOVROXWLRQVFRQFHUQLQJ
WKHEHDPJXLGDQFHDORQJWKHURERWD[LVH[LVW)RUWKDWUHDVRQWKHLQIOXHQFHRIRSWLFDOILEUHGLDPHWHURQWKHFXWWLQJ
SURFHVVDQGWKHUHVXOWVLVLQYHVWLJDWHG
([SHULPHQWDOVHWXS
7KHH[SHULPHQWDOVHWXSFRQVLVWVRIDQDQRVHFRQGSXOVHGILEUHJXLGHGWKLQGLVNODVHUVRXUFHDQGDVJDOYRVFDQQHUD
SURJUDPPDEOHIRFXVLQJRSWLFZLWKLQWHJUDWHGIRFXVVKLIW3)2'7KHODVHUVRXUFHHPLWVSXOVHVZLWKDGXUDWLRQRI
W3 QVDWDZDYHOHQJWKRIȜ QPIRUUHSHWLWLRQ UDWHVEHWZHHQI N+]DQGI N+]7KH ODVHUVRXUFH
SURYLGHVDPD[LPXPDYHUDJHODVHUSRZHURI3/DYJ N:DQGDPD[LPXPDYDLODEOHSXOVHHQHUJ\RI(3 P-
$QRSWLFDOILEUHGLDPHWHURIGI PPILEUHLVUHTXLUHGLQRUGHUWRKDYHWKHSXOVHHQHUJ\RI(3 P-
DYDLODEOH ,I WKH ODVHU VRXUFH LVHTXLSSHGZLWKDQRSWLFDO ILEUHZLWKDGLDPHWHURIGI PPILEUH WKH
PD[LPXPDYDLODEOHSXOVHHQHUJ\UHGXFHVWR(3 P-7KHGLIIHUHQFHVLQWKHDYDLODEOHPD[LPXPODVHUSRZHUDQG
SXOVHHQHUJ\GHSHQGLQJRQWKHUHSHWLWLRQUDWHDUHVXPPDUL]HGLQ)LJ
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)LJ0D[LPXPODVHUSRZHUDQGPD[LPXPSXOVHHQHUJ\GHSHQGLQJRQUHSHWLWLRQUDWHDQGRSWLFDOILEUHGLDPHWHU
7KH3)2'LVHTXLSSHGZLWKDQIWKHWDOHQVHZLWKDIRFDOOHQJWKRIOI PPUHVXOWLQJLQDIRFDOGLDPHWHURI
GIRFDO PP IRU WKHPILEUH DQGRIGIRFDO PP IRU WKHPILEUH ,QERWK FDVHV WKH UHVXOWLQJEHDP
SURILOHLVDURXQGWRSKHDGSURILOHZLWKDKRPRJHQRXVHQHUJ\GLVWULEXWLRQ
$QHSR[\EDVHGFDUERQILEUHUHLQIRUFHGSODVWLF&)53ZLWKOD\HUVRIELD[LDOQRQFULPSIDEULFUHVXOWLQJLQD
WKLFNQHVVRIG PPZDVXVHGIRUWKHLQYHVWLJDWLRQV$OOFXWVZHUHPDGHDWDQDQJOHRIĮ LQUHODWLRQWR
WKH ILEUHV 'RLQJ WKLV WKH H[FHVV KHDW ZLOO EH FRQGXFWHG DZD\ IURP WKH FXWWLQJ NHUI LQWR WKH PDWHULDO DQG
GHSHQGHQFLHVRISURFHVVSDUDPHWHUVRQWKH+$=DUHPRUHGLVWLQFWLYH
7KHPDLQSDUWRIWKHLQYHVWLJDWLRQVGHDOVZLWKWKHGLIIHUHQWRSWLFDOILEUHVXVHGDQGWKHDFKLHYDEOH+$=ZLGWKIRU
GLIIHUHQWSXOVHHQHUJLHVDQGUHSHWLWLRQUDWHV)XUWKHUPRUHWKHDFKLHYDEOHIOXHQFHDQGWKHHIIHFWLYHFXWWLQJVSHHGZHUH
DQDO\VHG 7KH SXOVH RYHUODS ZDV NHSW DW D FRQVWDQW YDOXH RI  E\ DGMXVWLQJ WKH VFDQQLQJ VSHHG YV LI QRW
RWKHUZLVHVSHFLILHG,QDGGLWLRQWKHPLQLPXPUHTXLUHGOLQHHQHUJ\(/QHFHVVDU\IRUDFRPSOHWHFXWZDVGHWHUPLQHG
DQGNHSW FRQVWDQW IRU WKH LQYHVWLJDWLRQVZLWKPILEUHDQGPILEUH UHVSHFWLYHO\7KLV LV UHDOL]HGE\ WKH
DGDSWLRQRIWKHQXPEHURIUHSHWLWLRQV)RUWKHSUHVHQWLQYHVWLJDWLRQDPLQLPXPDYHUDJHODVHUSRZHURI3/ :
ZDVFKRVHQ$VXPPDU\RIWKHXVHGSDUDPHWHUVLVVKRZQLQ7DEOH
(DFKLQYHVWLJDWHGSDUDPHWHUZDVSHUIRUPHGWLPHVGXHWRVWDWLVWLFDOUHDVRQVDQGWKHFXWVZHUHDQDO\VHGLQWHUPV
RI WKH H[SDQVLRQRI WKH+$=7KH DQDO\VLVZDVSHUIRUPHG LQ WKH VW\OHRI%OXHPHO HW DO  DQG6WDHKU HW DO
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7KHDQDO\VLVRI WKHUHVXOWV LVGRQHLQ WZRVWHSV)LUVW WKHUHVXOWVRI WKHPILEUHDQGWKHPILEUHDUH
VXPPDUL]HG FRQFHUQLQJ WKH SDUDPHWHU LQIOXHQFH RQ WKH DYHUDJH +$= ZLGWK $IWHUZDUGV WKH HIILFLHQF\ RI WKH
LQYHVWLJDWHG SDUDPHWHU VHWV DQG RSWLFDO VHWXS LV GHVFULEHG 7KH GRWWHG OLQHV ZLWKLQ WKH GLDJUDPV DUH SRO\QRPLDO
FXUYHV ZKLFK DUH XVHG WR JXLGH WKH H\H DQG WR HQDEOH DQ HDVLHU XQGHUVWDQGLQJ RI WKH WUHQGV RI WKH GDWD SRLQWV
)XUWKHUPRUHWKHHUURUEDUVVKRZQZLWKLQWKHGLDJUDPVEDVHVRQWKHFDOFXODWHGVWDQGDUGGHYLDWLRQ
7KHPLQLPXPSXOVHHQHUJ\ LQYHVWLJDWHGIRU WKHPILEUH LV(3 P-ZKLFK LV WKHUHVXOWLQJHQHUJ\ZLWK
3/DYJ : DQG I N+] 7ULDOV ZLWK SXOVH HQHUJLHV ORZHU WKDQ (3 P- EXW KLJKHU UHSHWLWLRQ UDWHV DQG
DYHUDJHODVHUSRZHUHQDEOHQRFRPSOHWHFXWZLWKWKHLQYHVWLJDWHGOLQHHQHUJ\,QDILUVWLQVWDQFHWKHLQIOXHQFHRIWKH
SXOVHHQHUJ\RQWKHH[WHQWRIWKH+$=IRUGLIIHUHQWUHSHWLWLRQUDWHVZDVDQDO\VHG%DVHGRQWKHLQYHVWLJDWLRQLWFDQ
EH VWDWHG WKDW IRU D UHSHWLWLRQ UDWH RI I N+] DQ LQFUHDVLQJ +$= ZLGWK RFFXUV IRU LQFUHDVLQJ SXOVH HQHUJLHV
$OWKRXJKWKHDFKLHYHG+$=LVVPDOOHUWKDQIRUPRVWRIWKHRWKHUSDUDPHWHUVWKLVWUHQGLVRSSRVLWLRQDOWRDOORWKHU
REVHUYHG UHSHWLWLRQ UDWHV )RU UHSHWLWLRQ UDWHV EHWZHHQ I N+] DQG I N+] WKH +$= ZLGWK UHGXFHV IRU
LQFUHDVLQJ SXOVH HQHUJLHV )LJ  8VLQJ WKH PILEUH LW LV SRVVLEOH WR SHUIRUP FXWV ZLWK SXOVH HQHUJLHV RI
(3 P- ZKLFK LV KDOI RI WKH UHTXLUHG SXOVH HQHUJ\ IRU WKH PILEUH $QDO\VLQJ WKH DYHUDJH +$= ZLGWK
GHSHQGLQJRQWKHSXOVHHQHUJ\IRUGLIIHUHQWUHSHWLWLRQUDWHVLWFDQEHVWDWHGWKDWWKHLQIOXHQFHRIWKHSXOVHHQHUJ\RQ
WKH+$=LVQHJOLJLEOHIRUUHSHWLWLRQUDWHVIN+]DQGPRUHGLVWLQFWLYHIRUKLJKHUUHSHWLWLRQUDWHV)LJ

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)LJ$YHUDJH+$=ZLGWKEGHSHQGLQJRQWKHSXOVHHQHUJ\(3IRUGLIIHUHQWUHSHWLWLRQUDWHVIXVLQJWKHPILEUH
)RULQFUHDVLQJUHSHWLWLRQUDWHVWKHZLGWKRIWKH+$=LQFUHDVHVDVZHOOZKLFKFRUUHVSRQGJHQHUDOO\LQWHUPVRIWKH
LQIOXHQFHRIWKHUHSHWLWLRQUDWHZLWKWKHUHVXOWVRIHDUOLHULQYHVWLJDWLRQVRISXOVHGODVHUFXWWLQJ%OXHPHOHWDO
)LQJHU HW DO  :LWKLQ WKLV LQYHVWLJDWLRQ WKH GHSHQGHQF\ LV PRUH GLVWLQFWLYH IRU SXOVH HQHUJLHV EHORZ
(3 P-IRUWKHPILEUH)LJRUSXOVHHQHUJLHVEHORZ(3 P-LQFDVHRIWKHPILEUH)LJ

)LJ$YHUDJH+$=ZLGWKEGHSHQGLQJRQWKHUHSHWLWLRQUDWHIIRUGLIIHUHQWSXOVHHQHUJLHV(3XVLQJWKHPILEUH
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
)LJ$YHUDJH+$=ZLGWKEGHSHQGLQJRQWKHUHSHWLWLRQUDWHIIRUGLIIHUHQWSXOVHHQHUJLHV(3XVLQJWKHPILEUH
7KHGLIIHUHQWIRFDOGLDPHWHUVIRUWKHILEUHVXVHGUHVXOWHGLQDGLIIHUHQFHLQIRFDODUHDRI$I PPðIRUWKH
PILEUH DQG $I PPð IRU WKH PILEUH ZKLFK LV D IDFWRU RI  'XH WR WKDW ELJ GLIIHUHQFH
FRPSDUDEOHIOXHQFHVFDQEHDFKLHYHGZLWKERWKILEUHVHWXSVGHVSLWHWKHORZHUSXOVHHQHUJ\IRUWKHVPDOOHUILEUH)RU
WKDWUHDVRQWKHSUHYLRXVUHVXOWVZHUHDQDO\VHGLQWHUPVRIWKHDFKLHYDEOHIOXHQFHDQGLWVLQIOXHQFHRQWKHUHVXOWV)LJ
GHSLFWV WKHDYDLODEOH UHSHWLWLRQUDWHVGHSHQGLQJRQ WKH IOXHQFHIRUERWK ILEUHGLDPHWHUV$GGLWLRQDOO\SDUDPHWHU
FRPELQDWLRQVUHVXOWLQJLQD+$=ZLGWKEPDUHPDUNHGLQDGLIIHUHQWFRORXU WKDQSDUDPHWHUFRPELQDWLRQV
ZLWK ELJJHU+$= ,W LV SRVVLEOH WR DFKLHYH FXWV ZLWK D WKUHVKROG+$=ZLGWK RI E P LQ DZLGH UDQJH RI
UHSHWLWLRQUDWHVIRUDIOXHQFHRYHU) -PPð)XUWKHUPRUHLWLVSRVVLEOHWRJREHORZWKHWKUHVKROG+$=ZLGWK
DWKLJKHU UHSHWLWLRQ UDWHVZLWKD VPDOOHU IRFDOGLDPHWHU)RU ORZHU IOXHQFHVJRRGUHVXOWVFDQRQO\EHDFKLHYHGIRU
UHSHWLWLRQUDWHVEHORZI N+]
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
)LJ$YHUDJH+$=ZLGWKEGHSHQGLQJRQWKHILEUHGLDPHWHUGIDQGIOXHQFH)
7DNLQJWKHSDUDPHWHUGHILQLWLRQVDVGHVFULEHGLQVHFWLRQDVDEDVLVWKHDFKLHYDEOHHIIHFWLYHFXWWLQJVSHHGVGLIIHU
FOHDUO\DVH[SHFWHGGXHWRWKHORZHUQHFHVVDU\OLQHHQHUJ\IRUFXWVZLWKWKHPILEHU)RUWKHPILEUHDQ
HIIHFWLYHVSHHGRIYHII PPVZDVUHDFKHGDQGIRUWKHPILEHUDYDOXHRIYHII PPV'HSHQGLQJRQ
WKHSDUDPHWHUVHWLWLVSRVVLEOHZLWKERWKVHWXSVWRDFKLHYHDFRPSDUDEOHIOXHQFHDWDQLGHQWLFDODYHUDJHODVHUSRZHU
RI3/DYJ :7DNLQJLQWRDFFRXQWWKHZLGHUFXWWLQJNHUIDQGWKHUHIRUHWKHKLJKHUYROXPHRIPDWHULDOZKLFKKDV
WREHUHPRYHGWKHGLIIHUHQFHLQWKHDFKLHYDEOHHIIHFWLYHFXWWLQJVSHHGFDQEHH[SODLQHG7KHUDWLREHWZHHQWKHWZR
HIIHFWLYHFXWWLQJVSHHGVLVZKLFKLVFRPSDUDEOHWRWKHUDWLRRIEHWZHHQWKHWZRIRFDOGLDPHWHUV
7DEOH  VXPPDUL]HV VHOHFWHG SDUDPHWHUV IRU ERWK RSWLFDO VHWXSV 7KH SDUDPHWHUV ZHUH VHOHFWHG E\PD[LPXP
DFKLHYDEOH IOXHQFH RU DYHUDJH SRZHU IRU WKH VPDOOHVW DQG KLJKHVW UHSHWLWLRQ UDWH UHVSHFWLYHO\ ,W FDQ EH LQIHUUHG
EDVHGRQWKHSUHVHQWUHVXOWVWKDWIRUHTXDOIOXHQFHDQGIRFDOGLDPHWHUWKHDYHUDJHODVHUSRZHULVWKHPDLQIDFWRULQ
WKHDFKLHYDEOHHIIHFWLYHFXWWLQJVSHHGDVDQDOPRVWOLQHDUGHSHQGHQF\EHWZHHQDYHUDJHSRZHUDQGHIIHFWLYHFXWWLQJ
VSHHG LVSUHVHQW([DPLQLQJSDUDPHWHUVZLWKFRQVWDQWDYHUDJH ODVHUSRZHU WKHHIIHFWLYHFXWWLQJ VSHHGYDULHVRQO\
VOLJKWO\EXWFKDQJLQJWKHUHSHWLWLRQUDWHDQGWKHUHIRUHWKHIOXHQFHKDVDGLUHFWLQIOXHQFHRQWKHH[WHQWRIWKH+$=
&RPSDULQJWKHSDUDPHWHUVHWVZLWKPD[LPXPDYDLODEOHDYHUDJHSRZHUDQGIOXHQFHIRUERWKILEUHGLDPHWHUVLWFDQEH
VWDWHGWKDWWKHUHVXOWLQJ+$=ZLGWKGLIIHUVE\DQGWKHHIIHFWLYHFXWWLQJVSHHGE\EHWZHHQWKHPILEUH
DQGWKHPILEUH
7DEOH6XPPDU\RIVHOHFWHGSDUDPHWHUVIRUERWKILEUHGLDPHWHUVFRQFHUQLQJ+$=ZLGWKDQGHIIHFWLYHFXWWLQJVSHHG
PILEUH UHSHWLWLRQ
UDWHI>N+]@
DYHUDJHODVHU
SRZHU3/>:@
IOXHQFH)
>-PPð@
$YHUDJH+$=
ZLGWKE>PP@
(IIHFWLYHFXWWLQJ
VSHHGYHII>PPV@
     
     
     
PILEUH     
     
     
     
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+$=PIRUPILEUH
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&RQFOXVLRQ
(DUOLHUVWXGLHVFDPHWRWKHFRQFOXVLRQWKDWDQLQFUHDVLQJUHSHWLWLRQUDWHOHDGVWRDZLGHU+$=ZKHUHDVWKLVRIWHQ
FDPHDORQJZLWKLQFUHDVLQJSXOVHRYHUODS7KLVVWXG\VKRZHGWKDWIRUDFRQVWDQWSXOVHRYHUODSWKHLQIOXHQFHRIWKH
UHSHWLWLRQ UDWH LV QRW DV GLVWLQFWLYH IRU KLJKHU SXOVH HQHUJ\ RU IOXHQFH UHVSHFWLYHO\ ,Q FRQWUDVW WR WKH GHVFULEHG
LQYHVWLJDWLRQV RI )UHLWDJ HW DO  GXULQJ WKLV VWXG\ZLWK FRQVWDQW SXOVH RYHUODS LQFUHDVLQJ WKH SXOVH HQHUJ\
EDUHO\LQIOXHQFHVWKH+$=ZLGWKRUHYHQUHGXFHVLWIRUKLJKHUUHSHWLWLRQUDWHV7KHUHVXOWVRIWKHSUHVHQWVWXG\ZLWK
WKHQDQRVHFRQGSXOVHGODVHUDOVRVKRZDQRSSRVLWHWUHQGWRWKHUHVXOWVDFKLHYHGZLWKDSLFRVHFRQGSXOVHGV\VWHPE\
)LQJHU HW DO :KLOHZLWK WKH SLFRVHFRQG SXOVHG ODVHU WKH+$=ZDV HQODUJHG E\ LQFUHDVLQJ WKH IOXHQFH DW
FRQVWDQWUHSHWLWLRQUDWHIRUWKHSUHVHQWLQYHVWLJDWLRQWKH+$=UHGXFHVLQVXFKDFDVHIRUUHSHWLWLRQUDWHVIN+]
)XUWKHUPRUHZLWKWKHVPDOOHUIRFDOGLDPHWHUDWFRPSDUDEOHIOXHQFHDFKLHYHGZLWKWKHPILEUHLWLVSRVVLEOH
WR DFKLHYH IDVWHU HIIHFWLYH FXWWLQJ VSHHGV LQ FRPSDULVRQ WR FXWVZLWK WKH PILEUH ,I LWZRXOGEH SRVVLEOH WR
DFKLHYHKLJKHUIOXHQFHE\RSWLPL]LQJWKHRSWLFDOSDWKRIWKHPILEUHDQGDWWKHVDPHWLPHHQDEOLQJWKHXVDJHRI
WKHPD[LPXPSXOVHHQHUJ\RI(3 P-ZLWKDVPDOOHUVSRWLWVKRXOGEHSRVVLEOHWRIXUWKHULQFUHDVHWKHHIIHFWLYH
FXWWLQJVSHHGDQGTXDOLW\

$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQNWKH)HGHUDO0LQLVWU\RI(GXFDWLRQDQG5HVHDUFKIRUWKHVXSSRUWZLWKLQWKHSURMHFW
³' KLJK SRZHU ODVHU SURFHVVLQJ HQKDQFLQJ TXDOLW\ DQG TXDQWLW\ IRU SURFHVV UHOLDEOH DXWRPDWHG PDFKLQLQJ RI
OLJKWZHLJKW&)53VWUXFWXUHV´+RO4XH6W').=1
5HIHUHQFHV
%OXHPHO6%UHGH6-DHVFKNH36XWWPDQQ22YHUPH\HU/$SSO\LQJD'2(PRGHOIRUWKHGHWHUPLQDWLRQRIDSSURSULDWHSURFHVV
ZLQGRZVIRUQDQRVHFRQGODVHUSURFHVVLQJRI&)533URFHHGLQJVRI,&$/(2,&$/(26DQ'LHJR86$WKWK2FWREHU
%OXHPHO66WDHKU5-DHVFKNH36XWWPDQQ22YHUPH\HU/&RUUHODWLRQRILQWHUQDODQGVXUIDFHWHPSHUDWXUHVGXULQJODVHUFXWWLQJRI
HSR[\EDVHGFDUERQILEUHUHLQIRUFHGSODVWLFV-RXUQDORI5HLQIRUFHG3ODVWLFVDQG&RPSRVLWHV±
)LQJHU - :HLQDQG 0 :RUWPDQQ '  ,QYHVWLJDWLRQ RQ SURFHVVLQJ RI FDUERQ ILEHU UHLQIRUFHG SODVWLFV XVLQJ XOWUDVKRUW SXOVHG ODVHU
UDGLDWLRQZLWKKLJKDYHUDJHSRZHU3URFHHGLQJVRI,&$/(2WK,QWHUQDWLRQDO&RQJUHVVRQ$SSOLFDWLRQVRI/DVHUV	(OHFWUR2SWLFV
0LDPL86$WKWK2FWREHU
)UHLWDJ&+DIQHU02QXVHLW90LFKDORZVNL$:HEHU5*UDI7'LDJQRVWLFVRI%DVLF(IIHFWV LQ/DVHU3URFHVVLQJRI&)53
3URFHHGLQJ RI ,QWHUQDWLRQDO 6\PSRVLXP RQ /DVHU 3URFHVVLQJ RI &)53 DQG &RPSRVLWH 0DWHULDOV ,QWHUQDWLRQDO 6\PSRVLXP RQ /DVHU
3URFHVVLQJRI&)53DQG&RPSRVLWHV<RNRKDPD-DSDQWKWK$SULO
/HRQH&*HQQD67$*/,$)(55,9)LEUHODVHUFXWWLQJRI&)53WKLQVKHHWVE\PXOWLSDVVHVVFDQWHFKQLTXH2SWLFVDQG/DVHUVLQ
(QJLQHHULQJ±
0DWKHZ -*RVZDPL*5DPDNULVKQDQ11DLN1 3DUDPHWULF VWXGLHV RQSXOVHG1G<$* ODVHU FXWWLQJRI FDUERQ ILEUH UHLQIRUFHG
SODVWLFFRPSRVLWHV-RXUQDORI0DWHULDOV3URFHVVLQJ7HFKQRORJ\±
1HJDUHVWDQL5/L/6H]HU+.:KLWHKHDG'0HWKYHQ-1DQRVHFRQGSXOVHG'3661G<$*ODVHUFXWWLQJRI&)53FRPSRVLWHV
ZLWKPL[HGUHDFWLYHDQGLQHUWJDVHV,QWHUQDWLRQDO-RXUQDORI$GYDQFHG0DQXIDFWXULQJ7HFKQRORJ\±
3DJDQR1/HRQH&/RSUHVWR9'H,RULR,/DVHUFXWWLQJRI&)53VKHHWE\SXOVHG1G<$*VRXUFH,QIOXHQFHRISXOVHHQHUJ\SXOVH
GXUDWLRQDQGRYHUODSSLQJRQNHUIJHRPHWU\DQG+$=WK,35206YLUWXDOFRQIHUHQFH,QWHUQHWWKWK1RYHPEHU
6WDHKU5%OXHPHO6+DQVHQ3-DHVFKNH36XWWPDQQ22YHUPH\HU/7KHLQIOXHQFHRIPRLVWXUHFRQWHQWRQWKHKHDWDIIHFWHG]RQH
DQGWKHUHVXOWLQJLQSODQHVKHDUVWUHQJWKRIODVHUFXWWKHUPRSODVWLF&)533ODVWLFV5XEEHUDQG&RPSRVLWHV±
